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Abstract 
The radiation attenuation properties of gamma-ray have been studied for cement containing with BaSO4 and PbO.  
The mass attenuation coefficients (PU, cm2 g-1) of cement have been calculated by theoretical approach using 
WinXCom program at the photon energies of 1 keV to 100 GeV. The composition of cement was analyzed by energy 
dispersive X-ray fluorescence spectrometer (EDXRF). The variations of mass attenuation coefficients are shown 
graphically for total and partial photon interaction. The obtained results showed that the values of this parameter were 
changed with energy and concentration of BaSO4 and PbO. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Cement is an important bindingagent for construction industry and is produced world-wild in large 
amounts. It is the most active component of concrete and usually has the greatest unit cost, its selection 
and proper use are important in obtaining most economically the balance of properties desired for any 
particular concrete mixture. 
The mass attenuation coefficient ( UP / ) is a measure of probability of interaction that occurs between 
incident photons and matter of unit mass per unit area. Accurate values of mass attenuation coefficients 
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are required to provide essential data in diverse fields such as nuclear diagnostics (computerized 
tomography), radiation protection, nuclear medicine, radiation dosimetry, x-ray fluorescence studies, 
radiation biophysics and etc. Theoretical values of the mass attenuation coefficient can be found in the 
tabulation by Hubbell and Seltzer [1]. A convenient alternative to manual calculations, using tabulated 
data, is to generate attenuation data as needed, using a computer. For this purpose, Berger and Hubbell [2] 
developed a computer program, XCOM, for calculating cross sections and attenuation coefficients for any 
element, compound or mixture, at energies from 1 keV to 100 GeV. The program has since undergone a 
number of updates and is now available in a web version. Recently, this well-known and much used 
program was transformed to the Windows platform by Gerward et al. [3-4] and the Windows version is 
being called WinXCom. 
Using barite (BaSO4) in building construction surely would be a good choice to protect against 
radiation while lead oxide (PbO) is expected to enhance the gamma-ray attenuation due to its higher 
atomic number [5]. 
In the present study, the mass attenuation coefficient of cement containing with BaSO4 and PbO have 
been calculated by theoretical approach using WinXCom program for total and partial interactions in the 
energy range 1 keV to 100 GeV.  
2. Materials and methods 
Elements, in a wide range, can be analyzed in a variety of sample types and in the concentration range 
from 100% down to the sub-ppm-level. The energy dispersive X-ray fluorescence spectrometer (EDXRF: 
PANalytical MiniPal 4) was used to identify and measure the elemental composition of samples. In this 
study, the elemental compositions, as fractional by weight, of cement containing with BaSO4 and PbO are 
given in Table 1. 
Table 1. Elemental composition, as fractional by weight, of cement studied in the present work 
Element 10%BaSO4 20%BaSO4 30%BaSO4 10%PbO 20%PbO 30%PbO 
O 0.0039 0.0078 0.0118 0.0010 0.0021 0.0031 
Mg 0.0077 0.0077 0.0077 0.0077 0.0077 0.0077 
Al 0.0850 0.0847 0.0845 0.0849 0.0847 0.0845 
Si 0.4705 0.4697 0.4690 0.4705 0.4697 0.4690 
S 0.0031 0.0050 0.0068 0.0012 0.0010 0.0009 
K 0.0520 0.0520 0.0520 0.0520 0.0520 0.0520 
Ca 0.3266 0.3135 0.3004 0.3266 0.3135 0.3004 
Ti 0.0058 0.0058 0.0058 0.0058 0.0058 0.0058 
Fe 0.0357 0.0357 0.0356 0.0357 0.0357 0.0356 
Mn 0.0009 0.0009 0.0009 0.0009 0.0009 0.0008 
Cu 0.0004 0.0004 0.0003 0.0004 0.0003 0.0003 
Ba 0.0084 0.0168 0.0252 - - - 
Pb - - - 0.0133 0.0266 0.0399 
The interaction coefficients (fractions by weight or partial densities) and total attenuation coefficients 
for any chemical compound or homogeneous mixture of shielding materials are obtained as weighted 
sums over the corresponding coefficients for elements. The mass attenuation coefficients ( UP / ) can be 
given by the following weighted summation: 
¦ 
i
iiw )/(/ UPUP (1)
where U is the mass density of the sample and iw and i)/( UP  are the fraction by weight and mass 
attenuation coefficient of ith constituent, respectively. The mass attenuation coefficients for total and 
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partial interactions have been obtained from the WinXCom program [3-4]. Equation 1, this well-known 
mixture rule [6] is valid with the assumption that the effects of molecular binding and the chemical and 
crystalline environment are negligible. For a chemical compound, the fraction by weight is given by: 
¦
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where ia  and iA  are the number of formula units and the atomic weight of the ith element, respectively.  
3. Results and discussions 
From Fig. 1(a) and 3(a), it shows the dominance of different interaction processes in different energy 
regions for total photon interactions (with coherent) while Fig. 1(b) and 3(b) are shown the variation of 
UP /  of cement containing with BaSO4 and PbO in the energy range of 10 keV to 1 MeV. Figure 2 and 4 
are shown the total and partial photon interaction of cement containing with 30%BaSO4 and 30%PbO, 
respectively. There are three energy ranges relative to the partial processes: (i) photoelectric absorption at 
low energies, (ii) incoherent (Compton) scattering at intermediate energies and (iii) pair production at 
high energies. Coherent (Rayleigh) scattering never plays any significant role in this connection since it 
occurs mainly at low energies, where photoelectric absorption is by far the most important interaction 
process. 
The maximum value of UP /  is found at low energies (1 to 100 keV), where the Z4-5 dependence of 
the photoelectric absorption cross-section gives a heavy weight to the highest atomic number of the 
material. The minimum value of UP /  is found at intermediate energies (100 keV to 10 MeV). At high 
energies (10 MeV to 100 GeV), pair production is dominant interaction. It has a weaker Z2 dependence 
and gives less weight to the higher-Z elements than photoelectric absorption. Therefore the UP /  for 
photon energy absorption varies from a higher value at low energies to a lower value at higher energies 
and composition of cement containing with BaSO4 and PbO. Below 0.1 MeV, the variation of UP /  has 
discontinuities which arise from photoelectric effect around the M-, L- and K-absorption edge of element 
that shown in Table 2. 
Table 2. Photon energies (in keV) of absorption edges above 1 keV 
Element Z M5 M4 M3 M2 M1 L3 L2 L1 K 
Mg 12 - - - - - - - - 1.305 
Al 13 - - - - - - - - 1.560 
Si 14 - - - - - - - - 1.839 
S 16 - - - - - - - - 2.472 
K 19 - - - - - - - - 3.607 
Ca 20 - - - - - - - - 4.038 
Ti 22 - - - - - - - - 4.966 
Mn 25 - - - - - - - - 6.539 
Fe 26 - - - - - - - - 7.112 
Cu 29 - - - - - - - 1.096 8.979 
Ba 56 - - 1.062 1.137 1.293 5.247 5.624 5.989 37.441 
Pb 82 2.484 2.586 3.066 3.554 3.851 13.035 15.200 15.861 88.005 
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(a) (b) 
Fig. 1. The variation of mass attenuation coefficient of cement containing with BaSO4 respect to photon energy for (a) total photon 
interactions (with coherent); (b) low-energy region with given K absorption edges of Ba 
Fig. 2. The variation of mass attenuation coefficient of cement containing with 30%BaSO4 respect to photon energy for total and 
partial photon interactions (with coherent) 
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(a) (b) 
Fig. 3. The variation of mass attenuation coefficient of cement containing with PbO respect to photon energy for (a) total photon 
interactions (with coherent); (b) low-energy region with given K absorption edges of Pb 
Fig. 4. The variation of mass attenuation coefficient of cement containing with 30%PbO respect to photon energy for total and 
partial photon interactions (with coherent) 
4. Conclusions 
From this study, it can be concluded that the parameter UP /  have been found to change with photon 
energy and composition of cement containing with BaSO4 and PbO. The value of UP /  varies from a 
higher value at lower energies to a lower value at higher energies, discontinuous of band due to 
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photoelectric effect. The non-uniform variation of this parameter, below 100 keV, has discontinuous 
jumps which arise from M-, L- and K-edge effect.  
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